I ntroduction
It has been shown by Young (1937 Young ( , 1938 th at the daily injection into dogs of large amounts of a crude anterior pituitary extract can induce, in a relatively short time, a clearly defined diabetic condition, which continues after the injections cease and becomes permanently established. These observations have been confirmed by Campbell and Best (1938) and by Dohan and Lukens (1939) .
An account of the histological changes in the pancreas and other organs of two dogs made permanently diabetic by treatm ent with crude anterior pituitary extract in this way, has already been published (Richardson and Young 1938) . Nine further animals have been available for examina tion including several th at had been treated with fractionated extracts instead of the original crude saline extract. W ith this additional material it has been possible to confirm and extend our original observations on the effects of the diabetogenic extract on the islets of Langerhans.
Methods
Since the permanent diabetes induced in these dogs is not necessarily accompanied by gross pathological lesions in the islets of Langerhans, care has been taken to obtain the most suitable fixation for specific staining of the alpha and beta cells. It is proposed to describe the technique used in some detail as, in our experience, the pancreas of the dog is rather more difficult to preserve than human or rodent glands.
Fixation. Helly's fluid (Zenker-formol) was found to be the most suc cessful fixative for the islets of Langerhans provided the formalin was carefully neutralized before adding it to the Zenker's solution. The zymogen granules and specific granules of the islet cells are dissolved or rendered [ 153 ] 154 K. C. Richardson unstainable if acid commercial formalin is used in the fixative or if the formalin is slightly alkaline. The addition of a very small amount of brom-thymol blue powder to the commercial formalin, followed by enough solid CaC0 3 or MgC0 3, to give a definite yellowish green colour (pH 6-8) in the stock solution, has proved satisfactory.
Many small blocks of pancreas, not more than 5 mm. thick were taken from the head, body and tail of the organ for fixation and, after half an hour's immersion in the Zenker-formol, the blocks were sliced again to a thickness of 2 mm. The fixation was continued for 24 hr. Zenker-formol penetrates the pancreas very slowly so th at only a limited number of sections from the surface of each block could be used for critical staining. I t was necessary to have a large number of blocks to provide an adequate number of sample sections from all parts of the pancreas. The fixative was washed out and the specimens dehydrated in alcohol in the usual manner.
Imbedding and sectioning. The dehydrated blocks were placed in alcoholether overnight, and then infiltrated with collodion (Necol), using solutions of graded concentration over a period of several weeks. The final imbedding was carried out in 20-25 % solution which was hardened immediately in chloroform vapour and then in pure chloroform for 24 hr. The solid collodion blocks were cleared in benzol and transferred to a paraffin wax mixture at 37° C overnight and then infiltrated with soft wax at 50° C. The sections were cut with a sliding microtome at 4p and attached to slides with egg albumen.
Staining. A haematoxylin stain has been found to be suitable for differentiation of the alpha and beta cells of the islets and can be applied to large batches of slides without the necessity for carefully controlled differentiation of each individual slide. After removal of wax and collodion, the sections were passed through iodine-alcohol to water and mordanted for 24 hr. in 4 % ferric alum. After rinsing in water they were stained for 24 hr. in 0-5 % aq. haematoxylin (Grubler). The sections were then differen tiated in ferric alum to show the same details as with a routine Heidenhain iron haematoxylin staining, rinsed in water, and transferred to Mallory's phosphotungstic acid-haematoxylin at 37° C for 24 hr. The Mallory haema toxylin was ripened with potassium permanganate. The sections required no further differentiation beyond rinsing off excess haematoxylin with 90 % alcohol, after which they were dehydrated and mounted in Canada balsam.
By this technique the granules of the beta cells were stained pale grey in contrast to the dark blue, coarser granules of the alpha cells. The zymogen granules of the acinar cells were very intensely stained, and some staining of the mitochondria both in the acinar epithelium and in the islets was obtained. There was little difficulty, however, in distinguishing between mitochondria and the specific cytoplasmic granules in the islet cells.
R esults
(1) Pancreatic tissue from dogs in which a permanently diabetic condition had been established
The following three animals had become diabetic after a short series of daily injections of crude anterior pituitary extract. The diabetic condition continued after the cessation of injections and had apparently become permanent. Although treatm ent with insulin was not necessary in all cases for the survival of these animals, they had received insulin therapy for short experimental periods before death, in the course of observations on their metabolism. Dog 44. This permanently diabetic animal was depancreatized 401 days after permanent diabetes had been established. I t was given insulin injec tions for a short period before the operation. The insulin content of the pancreas was very low (2-5 units, compared with a normal value of about 80 units).
The acinar tissue was normal without evidence of pancreatitis or obstruc tion of the duct system, although the smaller intralobular ducts showed extensive vacuolation of their epithelium. This vacuolation was remarkably specific in its distribution, being confined to the cubical epithelium of the intralobular duct system, including the centro-acinar cells, whereas the columnar epithelium of the larger interlobular ducts remained unchanged. A similar vacuolation has been described by Allen (1922) in dogs made diabetic by partial pancreatectomy and suitable dietary measures but the abnormality of the duct epithelium in his animals was present only in cases of severe diabetes, being absent in the early stages when the islets were still intact.
From examination of frozen sections stained with Sudan III, the vacuo lation recorded in our previous report (Richardson and Young 1938) was considered to be due to fatty infiltration. F at is common in the duct epithelium of all the diabetic dogs but some vacuolation, present in routine sections from the present series, was due to glycogen deposition. The two substances have been demonstrated simultaneously in preparations fixed in Zieglwollner's solution followed by staining with Best's carmine. Some of the vacuolation was due, on the other hand, to neither of these substances, and appeared to be the result of some hydropic change. No similar change has ever been observed in the columnar epithelium lining the larger ducts, even in the cases in which obstruction of these ducts had occurred. The term hydropic degeneration, which is applicable to the changes found in the islet cells, is not so suitable for describing the condition of the duct epithelium. The duct epithelial cells accumulate vacuoles in their cytoplasm, but they do not hypertrophy or degenerate to the extent of leaving spaces devoid of nuclei. Complete destruction of the duct epithelium takes place only in necrotic areas following pancreatitis. Apparently the vacuolation of the intralobular duct epithelium has no immediate effect on the secretory activity of the acinar cells and the duct system continues to function normally for long periods in diabetic animals.
The m ajority of the islets in the pancreas of dog 44 were reduced to small groups of alpha cells with a few agranular beta cells. Some islets contained no beta cells although occasionally, in other islets, normal beta cells could be distinguished. W ithout any quantitative measurement of the islet tissue it was obvious th a t there had been a profound reduction in the number of beta cells, and th at the remaining cells of this type were largely in a state of functional exhaustion, or were elaborating cytoplasmic granules at a very reduced rate. Dog 50. This animal, suffering from a cold, was killed 268 days after permanent diabetes had been established. I t had been given a period of experimental insulin therapy which was discontinued 14 days before death.
The entire pancreas was abnormal in this dog. Acute pancreatitis, with obstruction of the large interlobular ducts (figure 4 A, plate 10), had resulted in extensive vacuolation of the acinar epithelium, and distension of the smaller ducts, although the production of zymogen granules was still apparently unaffected. The epithelium of the intralobular ducts was vacuo lated and distorted to a maximum degree. Necrotic areas were present in some of the lobules.
A few hyalinized islets could be distinguished (figure 9, plate 12) and occasionally an apparently disordered clump of alpha cells remained, which suggested that a reduction in the amount of islet tissue had occurred some time previously, as in dog 44. No normal beta cells were found in this pancreas but, owing to the abnormal state of the pancreas as a whole, it is impossible to state definitely whether the beta cells had indeed been entirely obliterated. Unfortunately no insulin assay was made on this gland. Dog 51. Following the sudden withdrawal of insulin which had been given for a short period, this dog lapsed into coma and was killed 177 days after it had become permanently diabetic.
There was slight inflammation of the interlobular connective tissue in this pancreas and some indication th at obstruction of the duct system was beginning, although the acinar epithelium was not extensively vacuolated. The intralobular duct epithelium was again infiltrated with fat and showed hydropic changes. The majority of the islets were occupied by hyaline material which had replaced the beta cells, leaving compact groups of alpha cells, generally at the margin of the islet area ( figure 10, plate 12) . The normal arrangement of the alpha cells appeared in some cases to be undisturbed by the small deposits of hyaline material replacing the beta cells. The replacement of the beta cells in such islets was remarkably specific (figure 11, plate 12) and was probably proceeding at the time of death. Occasionally a group of alpha cells, with a few normal or agranular beta cells, could be detected (figure 12, plate 12) and these were not accom panied by hyaline material, but it is highly probable th at functional beta cell tissue in this pancreas was in the last stages of degeneration.
(2) The pancreas in dogs injected with fractionated anterior pituitary extracts and in which diabetic symptoms either did not appear or were not induced, permanently Dog 55. This animal was given daily injections of an inactive " albumen " fraction of anterior pituitary extract (Young 1939) and showed no diabetic response. After an interval of one week, the original crude extract was administered resulting in ketonuria but no glycosuria. The dog was killed at a time when the blood sugar level was low.
The acinar tissue showed no change from normal beyond the vacuolation of the intralobular duct epithelium which was present in varying intensity in all animals receiving large doses of anterior pituitary extract. The larger ducts were not obstructed. The majority of the islets examined in this pancreas were small and somewhat irregular in shape suggesting a reduction in cell content. Some of the beta cells were agranular. Dog 58. After repeated injections of the inactive " euglobulin" fraction of anterior pituitary extract (Young 1939) , this dog failed to show diabetic symptoms and was killed.
The acinar tissue of the pancreas was normal, apart from mild vacuolation of the intralobular duct epithelium, which again indicated th at the animal had been treated with a pituitary extract, although in this case the extract was ineffective in causing diabetic symptoms. The islets were mostly normal, a few beta cells in some sections showing hydropic degeneration or loss of cytoplasmic granules. No mitotic activity in the islets was observed.
158 K. C. Richardson Dog 61. The " albumen" fraction of anterior pituitary extract was given to this dog without inducing any diabetic response. The pancreas in this case was less affected than in dog 58 and was, in fact, almost normal. Slight vacuolation in some of the intralobular ducts was the only variation from the normal to be seen in the exocrine part of the gland. The islets were normal in size, some containing a few beta cells showing complete or partial loss of cytoplasmic granules. The alpha cells were unaffected. The loss of beta cell granules was so slight as to resemble th at which might be obtained by small intravenous injections of sugar.
Dog 72. This animal responded to injections of the " globulin" fraction of anterior pituitary extract (Young 1939) by becoming temporarily diabetic, but it subsequently became resistant to increased dosages and was sugar-free at the end of the experiment. At this time the dog was still resistant to the action of insulin.
The intralobular duct epithelium was very slightly vacuolated; otherwise the acinar tissue was normal. The islets were small but composed uniformly of granular alpha and beta cells with no evidence of hydropic degeneration or functional exhaustion. Mitotic figures were present in several small islets.
Dog 74. Following injections of the inactive " albumen " fraction, a crude saline anterior lobe extract was administered to this dog which then became temporarily diabetic. Subsequently it became resistant to the diabetogenic action of the crude extract and was killed when the diabetic symptoms had disappeared.
The vacuolation of the duct epithelium in this pancreas was very slight and was confined to a few cells in individual ducts. The islets appeared to be normal in every respect (figure 5, plate 11).
From one block, taken from the tail of this pancreas, evidence has been obtained of the apparent transformation of individual acini into islet tissue (figure 8, plate 11). In a single large islet examined in serial sections, the remains of two acini were clearly distinguishable; one located at the periphery but not in continuity with the adjacent acinar tissue, and the other situated centrally and entirely surrounded by the rest of the islet tissue. In the peripheral area the form of the original acinus was still distinct and the centro-acinar cell still unaltered. The zymogen granules were present in numbers comparable to the rest of the acinar tissue but the basal cytoplasm of the modified acinar cells was filled with granules staining precisely like the alpha cell granules in the rest of the islet. The more centrally situated acinus was less clearly defined as the zymogen granules had become largely depleted. In this instance the apparent transformation into alpha cells was further advanced. Dog 75. After injections of crude extract inactivated by heating, treat ment with the original crude extract resulted in the development of a mildly diabetic condition in this dog. The blood sugar level was high at the time when the dog was killed. No abnormality could be found in the exocrine part of this animal's pancreas beyond an extensive vacuolation of the duct epithelium. Hydropic degeneration in individual beta cells was very common in the islets. The examples of stages in this degenerative process, illustrated in figures 1-3, plate 10, have been taken from this pancreas.
There is no longer any doubt th at hydropic degeneration is a clearly characterized change occurring in islet cells, although it is not invariably present in the pancreas of diabetic dogs and is encountered only rarely in the human pancreas. Hydropic degeneration is not an artefact due to post-mortem autolysis, as some authors have claimed, and should not be confused with cytoplasmic shrinkage and vacuolation such as Warren (1938) has shown to occur 4 hr. post mortem in the human pancreas. The accumulation of small vacuoles in the cytoplasm of an islet cell appears to be the first stage in the process. The cytoplasmic granules may have been depleted previously or pale staining granules may be present throughout the degenerating cell. When the vacuoles become distributed throughout the entire cytoplasm, the cell hypertrophies and its nucleus undergoes pycnosis. Some of the vacuoles coalesce together and finally, with the disappearance of the nucleus, a large space is produced in the islet which is bridged over in some cases by a fine network of residual cytoplasm. The degeneration generally occurs in scattered individual beta cells under the conditions of the present experiments. I t does not affect large groups of beta cells in any one islet.
Mitotic activity was also observed in some islets of the pancreas of dog 75, figure 3, plate 10. The remainder of the islet tissue showed marked loss of staining reaction of the beta cell granules, some beta cells being entirely agranular, figure 3, plate 10, figure 6, plate 11.
It is proposed to distinguish in this case between (a) loss of granules in the cytoplasm of the beta cells leading to the agranular cell, the cytoplasm of which almost entirely fails to take up stain and is, in this respect, comparable to the cytoplasm of the intralobular duct epithelium, and (6) loss of staining affinity of the cytoplasmic granules. In the latter case the granules are present and often completely fill the cytoplasm but they stain so faintly th at under normal microscopical conditions they are almost invisible. By using a green filter, however, the granules can be more clearly distinguished and can be recorded in a photomicrograph. This distinction, Vol. 128. B. II 160 K. C. Richardson which may not be im portant physiologically, is apparently not due to variations in technique. In the present series, the block of pancreas from dogs 74 and 75 was fixed in the same solution of Zenker-formol and the sections were stained together in the same haematoxylin solution. In the case of dog 74, the beta cell granules were consistently stained the same pale grey colour and were easily distinguishable with ordinary illumination, figure 5, plate 11. The granules contribute clearly to the much darker staining of the islet as a whole, whereas in the pancreas of dog 75, the islets were very pale staining, figure 6, plate 11, and the granules were not recorded by photography except under suitable screening conditions and over-exposure in printing.
D iscussion
The results of the histological examination of the islets of Langerhans in fourteen dogs are summarized in table 1. I t is fully realized that this series of animals is not sufficiently large for reliable comparisons to be made at present between the pathology of human diabetes and experi mental diabetes induced by anterior pituitary extracts. It is important, however, to distinguish between the immediate histological effects of injec tions of anterior pituitary extracts on the pancreas and the effects found after a prolonged period of permanent diabetes. It is also important to attem pt to correlate the histological state of the islet tissue as far as possible with the severity of the diabetic symptoms or with the failure of these symptoms to appear. The following four distinct histological changes in the pancreas will now be discussed with reference to these considerations.
(1)
The vacuolation of the intralobular duct epithelium
In the previous report on the histological changes in the pancreas in diabetic dogs (Richardson and Young 1938) , the vacuolation of the intra lobular duct epithelium was mentioned as occurring markedly in the two permanently diabetic dogs 28 and 40. In the present series this process was also more prominent in the animals which had been made diabetic by treatm ent with a crude saline extract but, even with the fractionated extracts, which produced no obvious diabetes, some degree of vacuolation was always found. The vacuolation of the intralobular duct epithelium was the most consistent change in the pancreas induced by large doses of anterior pituitary extracts.
The significance of this phenomenon cannot be explained at present, but it should be stressed th at it occurs in all dogs treated with the various 
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extracts referred to in this series of experiments. The obstruction of the duct system found in dogs 28 and 50 occurred actually in the interlobular branches, and did not appear to be directly related to the condition of the intralobular ducts. In a later part of this discussion the changes in the duct epithelium will be referred to in connexion with the problem of the regeneration of islet tissue in the pancreas of the diabetic animals.
(
2) Hydropic degeneration in islet cells
Hydropic degeneration in beta cells has occurred most consistently in the islets of those dogs which were killed early in the course of the experi ments at a time when the blood sugar level was high. The degeneration was more common in the material examined during the period of injections and was not a prominent feature of the permanently diabetic animals. In the permanently diabetic dog 40, hydropic degeneration was found only in a few beta cells in all the blocks of pancreas which have been examined both from the biopsy specimen and from the rest of the gland taken later when the animal was de-pancreatized, figure 7, plate 11.
I t has been assumed th a t hydropic degeneration in beta cells is due to functional strain in response to diabetic conditions. In the well-known experiments of Allen (1922), hydropic degeneration involved the beta cell tissue as a whole, in the small portion of intact pancreas remaining, in dogs in which partial pancreatectomy and suitable dietary measures had induced symptoms of diabetes. Woerner (1938) has found the lesion in the islets of guinea-pigs following prolonged intravenous injection of dextrose. It is important, therefore, to consider what part hydropic degeneration plays in the present experiments.
As is well known, the normal pancreas contains an amount of islet tissue which is greatly in excess of th at required to supply the normal demands of the body for insulin. In the dog, the experiments of Allen (1922) have indicated th at the pancreas may be reduced by partial pancreatectomy to as little as one-ninth of its original size without diabetic symptoms occurring. The question now arises: can the diabetic symptoms induced by anterior pituitary extract be the result of a reduction of the total amount of beta cell tissue in the islets by hydropic degeneration, so th at the amount of this tissue remaining is actually less than th at present in a small fraction of the normal gland? This is certainly not the case in dogs 16 and 40. It is probable th at hydropic degeneration is the result of a period of excessive strain on the islet cells occurring particularly during the period of injections with pituitary extract. When the injections are discontinued and the strain is reduced, the rate of the degeneration becomes slower or it may even cease. We have no means of following the sequence of events in the permanently diabetic dogs, except to record th at cells undergoing hydropic degeneration are rare, but nevertheless it may be reasonably assumed, without quantitative measurements of the amount of islet tissue, that a considerable reduction in islet tissue has occurred in some instances during the period of permanent diabetes. Degeneration of individual beta cells, taking place even slowly over a period of months, would account for such a reduction. It would lead eventually to small groups of alpha cells as the last remains of the islet tissue. Such is the condition of the islets in dog 50 and in some of the dogs in Allen's experiments.
(3)
Degranulation of the islet cells
The most common change in the islets, following injections of active anterior pituitary extracts, is the loss of some or all of the cytoplasmic granules in the beta cells. It has already been recorded th at this loss of cytoplasmic granules may be apparently the only significant change in the islets during many months of permanent diabetes (dog 40, Richardson and Young 1938) .
In dog 75 there is evidence th at the beta cell granules may respond to a high blood sugar level merely by losing their normal affinity for stains, in which case suitable light filters are necessary to reveal the granules. Although this fine distinction in relative staining intensities does not appear to be due to technical variations, some caution must always be taken in using minute cytological changes as evidence of an alteration in physio logical function. Houssay and Foglia (1936) have observed th at the pancreas of a dog exhibiting temporary diabetic symptoms as the result of injections of anterior pituitary extract secretes less insulin than usual. If the loss of staining affinity of the beta cell granules was known to occur in glands in which the rate of secretion of insulin was very low, more emphasis might be placed on this phenomenon.
The evidence obtained from the reduced granule content of the beta cells indicates that, at some time or other during the experiment, a cell has partly or completely lost its cytoplasmic granules, possibly through functional exhaustion. We do not know, however, whether the secretory activity of the degranulated beta cells is temporarily depressed or is actually increased. In the present material it is impossible to correlate closely the extent of depletion of beta cell granules, or their loss of affinity for stain, with the physiological condition of the animal. Inactive anterior pituitary extracts, which have failed entirely to induce even temporary diabetic symptoms, may cause partial loss of granules in some of the islets. Never-theless, extensive depletion has been found only in those animals with high blood sugar levels or in a permanently diabetic state. In dog 40, as has already been mentioned, the loss of cytoplasmic granules in beta cells was apparently the only significant change but in dog 44 there had been a considerable reduction in beta cell tissue so th at the majority of the islets consisted of groups of alpha cells. I t is interesting to note th at the severity of the diabetic symptoms in dog 44 was much greater than in dog 40. Although we may not expect to find more than an extensive loss of beta cell granules in any diabetic animal, the more severe cases appear to be associated with a great reduction in the amount of granular beta cells or a replacement of the islets by hyaline material. The latter point will be discussed in the next section.
Woerner (1938) has described a loss of cytoplasmic granules in the islets of guinea-pigs following intravenous injections of dextrose. He also found degenerative changes in both alpha and beta cells as well as in the intra lobular duct and acinar epithelia, following initial periods of exhaustion and hyperplasia of the islet tissue. His experiments have demonstrated th at such a considerable series of changes in islet tissue do not necessarily result in a diabetic condition. I t is quite possible, however, as he suggests, th at from the quantitative point of view the amount of degeneration and degranulation in the islet tissue had been insufficient to overcome the large reserve of islet tissue in the intact pancreas.
(4) Hyalinization of the islets
The replacement of islets by hyaline material has been observed only in dogs in which the pancreas was examined at least five months after the diabetic condition had been established. Dog 28 (Richardson and Young 1938) and dog 50 in the present series both showed apparently complete hyalinization of islet tissue. In dog 51 the majority of the islets had become hyalinized to the extent of replacing nearly all the beta cells but leaving groups of alpha cells still intact. This dog had not been diabetic for as long a period as the other two. Hyalinization of islet tissue does not occur, however, in all cases of permanent diabetes induced by anterior pituitary extract, nor is this type of lesion necessarily associated with severe diabetic symptoms or with the length of time during which the animal exhibits these symptoms. Both the dogs 40 and 44 had been diabetic for longer periods than dogs 28, 50 and 51 and yet no hyalinization had occurred.
I t is possibly significant th at the three dogs with hyalinized islets had all received a short period of insulin therapy which had been abruptly discontinued a short time before death. Two of the dogs, 28 and 51, developed coma soon after the withdrawal of insulin. Acute pancreatitis and obstruc tion of the major ducts was found in dogs 28 and 50, but was absent in dog 51.
(5) Regeneration of islet tissue
In the present experiments, the possible regeneration of islet tissue in the adult dog pancreas is of interest in connexion with the resistance shown by some of the animals to the diabetogenic action of crude extracts. It has been concluded from the statistical examination of frequency distri bution of volume of the islands of Langerhans in the pancreas of man, monkeys and dogs (Thompson, Tennant and Hussey 1933) th at new islets are probably not formed after a prenatal stage in life. Under experimental conditions, however, an increase of islet tissue in adult animals has been recorded by many authors, particularly in rodents.
Cell division in existing islet tissue has been found to occur in two dogs of the previous series (Richardson and Young 1938) and in dogs 72 and 75 of the present series. The pancreas in these animals was examined imme diately after injections of anterior pituitary extract had been discontinued. In each case the mitotic activity in beta cells was accompanied by hydropic degeneration in adjacent beta cells. This hyperplasia may be simply a com pensatory mechanism for replacing beta cells lost by degeneration.
Woerner (1938) has found an extensive increase in islet tissue in his animals which followed for a short period after an initial phase of exhaustion of the beta granules. In the dog it is possible th at hyperplasia of islet tissue accounts for the production of sufficient beta cells to overcome the diabetogenic action of increased doses of anterior pituitary extract, thus explaining the resistance found in dogs 15, 41, 55 and 74. The experiments of Woerner (1938) indicate that, in guinea-pigs at least, the period is very limited during which hyperplasia, of islet tissue undergoing functional strain, is possible, and occurs quite early in the course of the experiments. I t is interesting to note that the hyperplastic phase in guinea-pigs followed immediately after the degranulation of the beta cells. The hydropic de generation actually took place after proliferation in the islets in Woerner's experiments. The increase in islet tissue was therefore not simply a com pensation for destruction of some of the beta cells.
Evidence for the existence of a " pancreotropic " factor in anterior pituitary extracts, suggested by Anselmino, Herold and Hoffmann (1933) , has been obtained by the quantitative estimation of islet tissue in rats injected with the same crude saline extract of the anterior lobe as was used in some of the present dogs (Richardson and Young 1937) . This factor may account for the hyperplasia of islet tissue in the dog and is probably released from the anterior lobe of the pituitary in intact guinea-pigs under going intravenous injections of dextrose.
The newly formed islet tissue in Woerner's experiments was derived from three sources, viz. mitoses in pre-existing beta cells, by transformation of duct and centro-acinar cells into beta cells and by direct transformation of acinar cells into beta cells. By demonstrating the existence of a tran sitional cell-type between acinar and beta cells, which contains both zymogen and specific islet cell granules in its cytoplasm, he has presumably settled the long-standing controversy concerning the possibility of differen tiated acinar epithelium being transformed into islet cells. Woerner was able to check the histological evidence of hyperplasia of islet tissue by the examination of whole mounts of pancreas in which the entire islet tissue had been stained selectively with janus green. The present material does not show conclusive evidence of the transformation of acinar epithelium into islet cells, except in the one instance which has been described in the pancreas of dog 74. If the intralobular duct epithelium is active in the formation of new islet tissue in dogs, it is im portant to note the early damage which is caused in this epithelium by the anterior pituitary extracts. The vacuolation in the duct epithelium persists over long periods and extends completely throughout all the lobules in the dogs th at have become permanently diabetic. This probably renders the duct epithelium ineffective as a source of new islet tissue from the commencement of the experiments.
Conclusions
I t may be concluded tentatively, from the present material, th at the injections of crude anterior pituitary extract and the " globulin" fraction of this extract, cause initially both degranulation and hydropic degenera tion in the beta cells of the islets of Langerhans. At least a temporary phase of diabetes is associated with these changes. Partial degranulation and hydropic degeneration in beta cells can apparently be induced by anterior pituitary extracts which do not cause a demonstrable diabetes. But it is probable th at these changes must be quantitatively significant in the islet tissue as a whole before diabetic symptoms occur. Hydropic degeneration alone cannot account for a reduction in islet tissue to an amount which is less than th at required for the maintenance of a non diabetic condition.
In the production of a permanently diabetic condition, the first change in the beta cells during the period of injections of pituitary extract is presumably beta cell degranulation and associated with this change is a loss of beta cells by hydropic degeneration. Thus when the permanent diabetes is established and the injections are discontinued, the beta cells which remain in the islets are presumably depleted of cytoplasmic granules to a large extent. Subsequently hydropic degeneration may continue at a slow rate to reduce the number of beta cells in each islet, or the islets may be hyalinized before such a reduction takes place. The development of refractoriness to the diabetogenic action of crude extract is possibly associated with islet hyperplasia at the time of injection, but a quantitative estimation of the total amount of islet tissue, combined with an insulin assay of the same pancreas, would probably provide more reliable evidence for this hypothesis than the cytological examination of even large numbers of individual islets.
The photomicrographs are the work of Mr F. J. Pittock, F.R.P.S., to whom the author wishes to express his thanks. 
vacuolation of the intralobular duct epithelium. 2. The vacuolation of the duct epithelium and slight loss of cytoplasmic granules in beta cells followed the injection of fractionated anterior pituitary extracts which failed to produce diabetic symptoms.
3. In dogs in which the diabetic condition had been established, for prolonged periods following the cessation of injections, the islets have shown one of the three following conditions:
(а) degranulation of the beta cells, (б) a reduction of islet tissue to groups of alpha cells with a few agranular or normal beta cells, (c) hyalinization of the islets which had apparently suppressed the islet tissue as a whole or had replaced the beta cells selectively.
4. Hyalinization of the islets does not appear to be related to the length of time during which the diabetic symptoms had continued. It has been observed only in those animals whose islets had been subjected to the strain of a sudden withdrawal of insulin therapy following a short experi mental period. 
D esc r ipt io n of P lates
All th e figures are from u ntouched photom icrographs of sections stained w ith the special haem atoxylin com bination described in th e tex t. P la te 10 F ig u r e 1. Dog 7 5, an islet showing various stages in th e process of hydropic degenera tio n in b e ta cells. (The p rin t has been over-exposed to show th e faintly stained cytoplasm ic granules in these cells.) Mag. x 650. 
P late 11
F ig u r e 5. Dog 74, a norm al islet in which the alpha and b eta cells are filled with granules which contribute to th e general grey tone of th e islet as a whole.
Mag. x 300.
F ig u r e 6. Dog 75, an islet in which th e m ajority of th e beta cells are p artly degranulated. Compare th e pale staining of the rem aining granules w ith th a t in 169 figure 5. Also com pare w ith th e staining intensity of the lower half of the islet in figure 7 , which is alm ost com pletely agranular. Mag. x 275. F ig u r e 8. Dog 74, showing th e ap p aren t transform ation of acini into islet tissue. The acinus "X " contains b o th zym ogen and alpha cell granules. The less distinctly outlined acinus " " in th e centre of th e islet shows a later stage in the transform ation into alpha cells. Mag. x 500. P la te 12 F ig u r e 9. Dog 50, a com pletely hyalinized islet. The two " stu m p s" of degenerated duct epithelium were probably in co n tin u ity w ith th e original islet tissue.
Mag. x 275.
F ig u r e 10. Dog 51, a p a rtly hyalinized islet in which a group of pale staining alpha cells is still in tact. Mag. x 500. V = vacuoles in cubical epithelium . X = transform ed peripheral acinus. X x = centrally placed acinus in which zymogen is disappearing and alpha cell granules are distributed throughout th e cytoplasm . Z = zymogen granules.
